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I. INTRODUCTION
There have been renewed interests in solar microgrids in recent years, and thus, led to further studies in maximum power point tracking (MPPT). A method of modeling and simulation of photovoltaic arrays studied in [1] . Evaluation of current controllers for distributed power generation systems and review of the single phase photovoltaic module integrated converter topologies with three different DC link configurations discussed in [2] [3] . A single-stage grid connected inverter topology for solar PV systems with maximum power point tracking and modeling, analysis and testing of autonomous operation of an inverter-based microgrid studied in [4] [5] . Application of the short-current pulse-based MPPT method is important. So, short-current pulse-based adaptive MPPT method for PV power generation systems discussed in [6] . Stability of photovoltaic and wind turbine grid-connected inverters for a large set of grid impedance values and an integrated inverter with maximum power tracking for grid-connected PV systems and topologies of single-phase inverters for small distributed power generators studied in [7] [8] [9] . The photovoltaic (PV) module-integrated converter, which connects PV panels to single-phase ac grid in a modular structure, has become an important trend in PV market [10] [11] [12] [13] . MPPT in solar photovoltaic (PV) microgrid systems is normally achieved either by the perturb and observe method or by the incremental conductance method (ICM). In the ICM approach, the output resistance of the PV panel is equal to the load resistance as expected from the celebrated maximum power transfer theorem. This may be by linearizing the IV  output characteristic of a PV panel about the operating point, as illustrated in Fig. 1 . Thus, the equivalent resistance r at the maximum power point is given by:
Where LR R is the regulated resistance in order to achieve MPPT, P V and P I are the PV voltage and current at the MPP. The actual load resistance is matched to r by a Cuk converter through the control of the duty cycle D , the regulated resistance LR R is as follows [14] : (1 )
(1 )
Where D is the duty cycle of the Cuk converter and L R represents the microgrid load connected to the PV panel. Consider two levels of illumination intensity at points 1 and 2 in Fig. 1(c) , the current at the MPP decreases going from point 1 to point 2 that changes the value of the PV resistance at the MPP. In order to achieve MPPT, the regulated resistance LR R should be adjusted by changing the duty cycle D in (2) . In this paper, the solar module output characteristics and model of solar panel are represented. The role of the variable inductor in the stable operation of the Cuk converter in conduction current mode is explained and used Inductor structure and desigined capacitor value in converter is presented. 
II. MODEL AND CHARACTERISTICS OF SOLAR PANEL
The solar module output characteristics are represented by an equivalent circuit model in Fig. 2 with the following equations, the parameter values given are for the Sanyo HIP 210W module [15] . The output current is given by: 
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The open circuit voltage OC V is given as follows:
Where 
III. MINIMUM AND VARIABLE INDUCTANCE IN CUK CONVERTER
The minimum inductances in a Cuk converter in CCM are:
Where s f is the switching frequency. The average input current in the Cuk converter P I and output current O I is as follows:
The output current O I is the average current in the inductor of the cuk converter. The equation of first minimum inductance can be rewritten:
And for second minimum inductance: (1 )
The PV voltage is relatively constant over the full range of solar intensity [15] . Evidently, the minimum inductance to achieve CCM falls off as the solar intensity increases. Conversely, the higher value of inductance required at light loads may be achieved without increasing the volume of the inductor. Variable inductance may be achieved using a sloped air gap, whereby the inductor core progressively saturates with increasing current [16] . Alternatively, a powdered iron core may be used so that it is progressively saturated with increasing current to yield the Li  characteristics of Fig .5 . The use of a reconfigurable inductor in a boost circuit for PV microgrid applications is described in [17] .
IV. CHARACTERISTIC OF VARIABLE INDUCTOR
The role of the variable inductor in the stable operation of the Cuk converter is explained by reference to Fig. 5 . Continuous conduction can only be achieved with inductance values above the dashed line in Fig 5 ( the shaded area is off limits). In Fig. 5(a) , the lower limit of load current (corresponding to low solar insolation) is given by Fig .5 has the advantages of increasing the load range [17] . The increased inductance at low insolation levels maintains continuous conduction, and this in turn, means that the control strategy of the MPPT controller extends to lower power levels; this facilitates the extension of the MPPT algorithm to partial shading. According to the definition, relationship between current and flux in Linear time-invariant inductors as follows:
Where L is constant value and is independent of time and current. The voltage across the inductor and the equation of this type as follows:
In this paper, variable inductance is proposed. So, relationship between current and flux in this type is:
The voltage across the inductor and the equation of this type as follows: 
V. SIMULATION RESULTS
Energy transfer for the Cuk converter depends on the capacitor 1 C . Generally good design makes a save on the cost of every Element. So, designed capacitor value is very important. The ripple in 1 C can be estimated by computing the change in 1 The relationship between the output and input currents and voltages in Cuk converter is [14] :
By combining (16)- (18) we can write: Note that the components on the output ( 2 L , 2 C , and R ) are in the same configuration as the buck converter and that the inductor current has the same form as for the buck converter. Therefore, the ripple or variation in output voltage, is the same as for the buck converter:
Now to design the 1 C and 2 C , the relation (19) is used: (1 )
If the amount of output voltage ripple is not more than 1%, capacitor value will be 1 5 6 .2 F  . Figures 6 and 7 in Fig. 7(c) shows that continuous conduction has been restored. In Figures 6  and 7 , inductors current is perunit and base current is 1kA . Figure 8(a) shows the internal resistance of the PV to operate on the maximum power point. the internal resistance of the PV should be equal to the regulated resistance. 
VI. CONCLUSION
This paper presents a new topology of an MPPT controller for solar microgrid applications that incorporates variable inductances. The used dc to dc converter is Cuk converter with variable inductors. The increased inductances at low insolation levels maintain continuous conduction and the control strategy of the MPPT controller extends to lower power levels; this facilitates the extension of the MPPT algorithm to partial shading. Good design of capacitors of Cuk converter has been presented, too.
